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(54) Ramp signal producing nnethod and apparatus, and liquid crystal drive/display apparatus 



(57) In a ramp signal producing apparatus, a ranrp 
signal is produced under low clock signal frequency in a 
compact circuit arrangement. A luminance control and a 
white balance control are canried out by the ramp signal 
in a liquid crystal display. The ramp signal producing 
apparatus is comprised of: an up/down counter for 
either counting up, or counting down a clock signal sup- 
plied thereto; amplitude anrK>unt converting means for 
converting the amplitude of the supplied dock signal 
into such an amplitude value corresponding to the count 
value of the up/down counter and for converting the 
amplitude value in such a manner that a change amount 
per one count value is increased during the count down 
operation by tiie up/down counter; and ramp signal pro- 
ducing means for producing such a ramp signal with an 
amplitude corresponding to the converted amplitude 
value. 
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Description 

ThB present invention relates to a ramp signal pro- 
ducing method for producing a ramp signal to drive a liq- 
uid crystal display^ and to a ramp signal producing 
apparatus. The present invention also relates to a liquid 
crystal drive apparatus for driving a liquid crystal display 
in response to the ramp signal produced from the ramp 
signal producing apparatus, and to a liquid crystal dis- 
play apparatus for displaying an image on the liquid 
crystal display. 

In a liquid crystal display apparatus, there are pro- 
vided a liquid crystal display in which transparent elec- 
trodes are arranged in a matrix form to constitute pixels, 
an image signal driver for driving electrodes of the 
respective pixels of the liquid crystal display every hori- 
zontal line at image signal levels of the respective pix- 
els, and a horizontal driver for driving the respective 
pixels of the liquid crystal display for each of the hori- 
zontal lines. The image is displayed on the respective 
pixels of the horizontal lines sequentially driven by the 
horizontal driver in response to the image signals for the 
respective pixels, whose levels are supplied from the 
image signal driver. 

The horizontal driver drives the respective pixels by 
employing such a ramp signal having an asymmetrical 
trapezoidal shape, in which falling time is shorter than 
rising time. As a result, the respective pixels of the liquid 
crystal display are quickly discharged to erase the after 
images caused by the picture signal in the preceding 
frame. An extremely sharp rising edge like the falling 
edge of this ramp signal is not produced in order to 
avoid deterioration of the liquid crystal display, or mal- 
function thereof during the drive operation. 

The above-described ramp signal is produced by a 
ramp signal producing apparatus constructed of an 
up/down counter for counting up a clock signal in the ris- 
ing time and for counting down the clock signal in the 
falling time, and a rarrp signal produdng means for 
modulating the frequency of the dock signal multiplied 
by "m" during the falling time and for varying tiie ampli- 
tude of the clock signal in response to the count value of 
the up/down counter. 

For instance, in the case that the count value is con- 
structed of 7 bits and the amplitude of the ramp signal is 
variably set to 128 stages of analog voltage values by 
this ramp signal produdng apparati©, when the D/A 
conversion time for the count signal is selected to be 
1 7^s (microseconds), 128 pieces of burst docks having 
the frequency of 7.5 MHz are required during the count 
up operation by the up/down counter. When the clock 
frequency of the clock signal is nujltiplied by four to pro- 
duce tiie burst clock having the frequency of 30 MHz 
during the count down operation, the osdilation fre- 
quency of 60 MHz is required as the corttinuous clock 

Also, the white balance control and the offset value 
control are required so as to control the non-linear char- 
acteristic of luminance (brightness) based upon the 
non-linear characteristic of the transmittance character- 



istic of the liqukJ crystal display with respect to the 
applied voltage value. When the image signal level is 
represented by. for example. 256 graduations, the 
image signal level at the straight line portion may have 

5 resolution of 8 bits. However, the image signal level at 
the non-linear portion owns only resolution of 6 bits or 
less. Therefore, since the sensitivity of the half tone por- 
tion such as a grey portion becomes insufficient tiiis 
resolution of the non-linear portion must be increased 

10 four times higher than that of the straight line portion, 
namely resolution of 8 bits or more. Under such drcum- 
stances. the image signal level should own resolution of 
10 bits. 

On the other hand, when the clock frequency of the 

15 above-described ramp signal produdng apparatus is 
selected to be 60 MHz. the logic circuits such as the 
up/down counter employed in this ramp signal produc- 
ing apparatus must be fabricated in accordance with the 
very fine semiconductor manufacturing processes avail- 

20 able for the high frequency operation. This may cause a 
high cost problem. Also, since the high frequency inter- 
ference caused by the spurious radiation of the high fre- 
quency corrponents contained in such a 60 MHz clock 
signal may occur in the VHF broadcasting band, even 

25 when the beat phenomenon would be suppressed by 
the shield member or the like, there is another problem 
that such high frequency interference cannot be com- 
pletely eliminated. For instance, since 183.25 MHz cor- 
responding to the video (picture) carrier frequency of 

30 the VHF 6 channel in the Japanese TV system is 
present around 180 MHz equal to the three-time higher 
harmonic of the 60 MHz dock frequency. Accordingly, 
the beat phenomenon should be seriously suppressed 
by the shielding means. 

35 Also, in the case that the resolution of the image 
signal level is increased so as to control the white bal- 
ance, the signal processing bit numbers of the A/D con- 
verter, tiie digital image signal processing drcuit, and 
the rarrp signal producing apparatus should be 

40 increased in order to improve the resolution. This A/D 
converter A/D-converts the image signal supplied to the 
liquid crystal display apparatus into the digital image 
signal. As a consequence, there is another problem that 
a large-scaled circuit arrangement is required and thus 

45 the manufacturing cost thereof would be increased. 

The present invention has been made to alleviate 
the above-described problems. 

According to a first aspect of the present invention, 
a ramp signal producing method comprises: a count 

50 Step for counting up or down a supplied clock signal; an 
amplitude amount corrverting step for converting the 
amplitude of the supplied clock signal into an amplitude 
value in accordance with the count value of the count 
step and for converting the amplitude value in such a 

55 manner tiiat a change amount per one count value is 
increased during the count down 

step; and a ramp signal produdng step for pro- 
ducing a ramp signal whose amplitude is varied in 
response to the amplituje value. 
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In the amplitude amount converting step, the count 
value may be shifted in a bit mode during the count 
dowvn step so as to increase the count value, wh^-eby 
the change amount of the anplitude value is increased. 

In the amplitude amount converting step, the ampli- 
tude values for the respective count values may be read 
out from an amplitude value memory into which the 
amplitude values for the respective count values have 
been stored during the count up step and the count 
down step in such a manner that the amplitude value 
with respect to the count value is increased during the 
count down operation in the courrt step. 

According to a secorKi aspect of the present inven- 
tion, a ramp signal producing apparatus comprises: an 
up/down counter for either counting up, or counting 
down a dock signal supplied thereto; amplitude amount 
converting means for converting the amplitude of the 
supplied clock signal into such an amplitude value cor- 
responding to the count value of the up/down counter 
and for converting the amplitude value in such a manner 
that a change amount per one count value is increased 
during the count down operation by the up/down coun- 
ter; and ramp signal producing means for producing 
such a ramp signal with an amplitude corresponding to 
the converted amplitude value. 

The amplitude amount converting means may 
include bit shift means for shifting the count value in a bit 
shift mode during the count down operation by the 
up/down counter so as to increase the count value, 
whereby the change amount of the amplitude value is 
increased. 

Preferably, the amplitude amount converting means 
includes an amplitude value menrory into which the 
anplitude values for the respective count values have 
been stored during the count up operation by the 
up/down counter and the count down operation thereby, 
and reads out the amplitude values from the amplitude 
value menrujry with respect to the respective count val- 
ues. 

According to a third aspect of the present invention, 
a liquid crystal drive apparatus comprises: an up/down 
counter for eittier counting up, or counting down a clock 
signal supplied thereto; amplitude amount converting 
means for converting the amplitude of the supplied 
clock signal into such an amplitude value corresponding 
to tiie count value of the up/down counter and for con- 
verting the amplitude value in such a manner that a 
change amount per one count value is increased during 
the count down operation by the up/down counter; ramp 
signal producing means for producing such a ramp sig- 
nal with an amplitude corresponding to the converted 
anplitude value; and drive means for driving a liquid 
crystal display in an image signal level produced by clip- 
ping the supplied image signal baked on the ramp sig- 
nal. 

The amplitude amount converting means may 
include bit shift means for shifting tiie count value in a bit 
shift mode during the count down operation by the 
up/down counter so as to increase the count value, 



wheret>y the change amount of the amplitude value is 
Increased. 

Preferatrfy. tiie anplitude amount converting means 
includes an amplitude value memory into which the 

5 anplitude values for the respective count values have 
been stored during the count up operation by the 
up/down counter and the count down operation ther^y, 
arxl reads out the anplitude values from the amplitude 
value menrtory with respect to the respective count val- 

10 ues. 

Advantageously, the anplitude amount converting 
means includes an S-shaped correction memory for 
previoudy storing tiierein a correction value used to cor- 
rect the anplitude of the ramp signal in order that an S- 

15 shaped correction of the liquid crystal display is carried 
out during the count up operation by the up/down coun- 
ter, and the amplitude value of the ranp signal is cor- 
rected based upon the correction value stored in the S- 
shaped conection memory. 

20 Desirably, the amplitude amount converting means 
includes an adder for adding an offset value to the 
amplitude value of the ramp signal, by which a white 
balance is carried out. and the offset value is added to 
tiie amplitude value in the adder so as to correct the 

25 white balance of the ramp signal. 

Advantageously, the anplitude amount converting 
means includes an adder for adding an offset value to 
the anplitude value of the ranp signal, by which a lumi- 
nance (brightness) correction is carried out. and the off- 

30 set value is added to the amplitude value in the adder so 
as to correct the luminance (brightness) of the ramp sig- 
nal. 

TTie drive means may be arranged by a charge hold 
type D/A converter. 

35 According to a fourth aspect of the present inven- 
tion, a liquid crystal display apparatus conprises: an 
up/down counter for either counting up. or counting 
down a clock signal supplied thereto; amplitude amount 
converting means for converting the amplitude of the 

40 supplied clock signal into such an anplitude value cor- 
respondirg to the count value of tiie up/down counter 
and for converting the anplitude value in such a manner 
that a change amount per one count value is increased 
during the count down operation by the up/down coun- 

45 ter; ranp signal producing means for producing such a 
ranp signal with an anplitude corresponding to the con- 
verted anplitude value; drive means for driving in an 
image signal level produced by clipping the supplied 
image signal based on the ranp signal; arvJ a liquid 

50 crystal display driven by the drive means to display an 
image th^-eoa 

The amplitude amount converting means may 
include bit shift means for shifting the count value in a bit 
shift mode during the count down operation by the 

55 up/down counter so as to increase the count value, 
whereby the change amount of the amplitude value is 
increased. 

The anplitude amount converting means may 
include an amplitude value memory into which the 
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amplitude values for the respective count values have 
been stored during the courrt up operation by the 
up/down counter and the count down operation thereby, 
and reads out the amplitude values from the amplitude 
value memory with respect to the respective count val- 5 
ues. 

The liquid crystal display may be a plasma 
addressed liquid crystal display. 

In accordance with the ramp signal producing 
method of the first aspect of the present Invention, when 
the count down operation is carried out in the amplitude 
amount converting step, the switching operation Is per- 
formed in such a manner that the amount of amplitude 
changes is increased with respect to the count value, 
and in the ramp signal producing step, the ramp signal 
whose amplitude is varied in response to this count 
value- 
In accordance with the ramp signal producing 
apparatus of the second aspect of the present invention, 
while the count down operation Is performed by the 
up/down counter, the amplitude amount converting 
means selects that the amount of amplitude changes 
with respect to the count value of this up/down counter 
are increased, so that such a ramp signal whose ampli- 
tude is varied in response to this count value is pro- 
duced by the ramp signal producing means. As 
described above, when the count down operation is car- 
ried out, the clock signal supplied to the up/down coun- 
ter need not be modulated by the high frequency. 

According to the liquid crystal drive apparatus of 
the third aspect of the present invention, the amplitude 
of the ramp signal is corrected by the S-shaped correc- 
tion as the linear shape by the amplitude amount con- 
verting means, so that the resolution of the image signal 
level is increased, and both of the white balance and the 
luminance of the image signal levels can be controlled 
based upon the offset value. 

In accordance with the liquid crystal display appara- 
\us of the fourth aspect of the present invention, while 
the count down operation is performed by the up/down 
counter, the amplitude amount converting means 
selects that the amount of amplitude changes with 
respect to the count value of this up/down counter are 
increased, so that such a ramp signal whose amplitude 
is varied in response to this count value is produced by 
the ramp signal producing means. The anrplitude of the 
ramp signal is connected by the S-shaped correction as 
the linear shape by the amplitude amount converting 
means, so that the resolution of the Image signal level Is 
increased, and both of the white balance and the lumi- 
nance of the image signal levels can be controlled 
based upon the offset value. 

Thus, the invention can provide a ramp signal pro- 
ducing method for producing a ramp signal to drive a liq- 
uid crystal display and a ramp signal producing 
apparatus capable of suffictentiy performing a lumi- 
nance (brightness) control and a white balance without 
making a large-scaled circuit diagram, while a fre- 
quency of a clock signal need not be converted or mod- 



ulated into a more higher frequency. The present 
invention also can provide a liquid crystal drive appara- 
tus for driving a liquid crystal display in response to the 
above-described ranp signal, and a liquid crystal dis- 
play apparatus for displaying an image on this liquid 
crystal display 

For a better understanding of the present invention, 
reference is made to the following, non-limitative, 
detailed description given with reference to the accom- 
panying drawings, in which: 

Rg. 1 is a schematic block diagram for showing a 
liquid crystal display apparatus according to a first 
embodiment of the present invention; 
Rg. 2 Is a schematic block diagram for indicating a 
major portion of a liquid crystal drive apparatus 
according to the present invention; 
Rg. 3 represents a waveform chart of signals pro- 
duced from a major portion of a ramp signal pro- 
ducing apparatus according to the preserrt 
invention; 

Rg. 4 shows a waveform chart of signals by other 
count value produced from the major portion of the 
ramp signal producing apparatus shown In Fig. 3; 
Rg. 5 is a schematic block diagram for indicating a 
major portion of the liquid crystal drive apparatus 
shown in Fig. 2; 

Rg. 6 Is a characteristic diagram for indicating a 
transmittance characteristic of a liquid crystal dis- 
play employed in the liquid crystal display appara- 
tus of Fig. 1 with respect to an applied voltage value 
thereto; 

Rg. 7 is a waveform chart for showing an S-shaped 
correction waveform used to correct the transmit- 
tance characteristic of the liquid crystal display of 
Rg. 6; 

Rg. 8 Is a characteristic diagram for indicating a 
transmittance characteristic of the liquid crystal dis- 
play corrected by the above-explained S-shaped 
correction waveform; 

Rg. 9 schematically illustrates a structure of the liq- 
uid crystal display employed in the liquid crystal dis- 
play apparatus of Fig. 1 ; 

Rg. 10 is a schematic block diagram for indicating a 
liquid crystal display apparatus according to a sec- 
ond embodiment of the present invention; and 
Rg. 1 1 is a schematic block diagram for showing a 
major portion of a ramp signal producing apparatus 
employed in the liquid crystal display apparatus 
according to the second emtxxiiment. 

Referring now to drawings, a description will be 
made of a liquid crystal display apparatus according to 
a preferred emtKxJiment of the present invention. 

The liquid crystal display apparatus according to 
the present Invention is such a liquid crystal display 
apparatus used in, for example, a wall-mounted type tel- 
evision and a slim type television for multimedia pur- 
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poses, in which a suitable image signal is displayed on 
a liquid aystal display. 

The above-described liquid crystal display appara- 
tus is comprised of. as indicated in Rg. 1, an NTSC 
demodulating/double speed converting circuit 1 to 5 
which an image (video) signal is supplied, a color differ- 
ence signal processing circuit 2 for converting the video 
signal suRDlied from the NTSC demodulating/doii^le 
speed converting circuit 1 into RGB signals, an A/D con- 
verter 3 for A/D-converting the RGB signals supplied w 
from the color difference signal processing circuit 2 into 
the corresponding RGB digital signals, an FRC circuit 4 
for converting the frame rate of the RGB digital signals 
derived from the A/D converter 3. and a liquid crystal 
display drive apparatus 5 for driving the respective pix- is 
els of an plasma addressed liquid crystal display (will be 
referred to as a "RALC" hereinafter) 10 for each of the 
horizontal lines in response to the RGB signals supplied 
from the FRC circuit 4. This liquid crystal display appa- 
ratus is further an-anged by an LCD controller 6 for pro- 20 
ducing a clock signal in synchronism with the video 
signal supplied from the NTSC demodulating/double 
speed converting circuit 1, a ramp signal producing 
apparatus 7 for producing a ramp signal in response to 
the clock signal, a plasma driver 8 for driving the respec- 25 
tive pixels of the PALC 10 every horizontal line in 
response to this dock signal, a back light picture control 
circuit 9 for controlling or adjusting illuminance of back 
light of the RALC 10. and also the PALC (plasma 
addressed liquid crystal display) 1 0 driven by the above- so 
explained liquid crystal drive apparatus 5 and plasma 
driver 8. and for displaying an image thereon while con- 
trolling illuminance of the back light by the picture con- 
trol circuit 9. 

To the NTSC demodulating/double speed convert- 
ing circuit 1 . an NTSC composite video (picture) signal 
is supplied from an UV tuner for an UHF broadcasting 
system, an UV tuner for a VHP broadcasting system, or 
a BS tuner for a BS broadcasting system. 

This NTSC demodulating/double speed converting 
circuit 1 includes a demodulating unit for demodulating 
the NTSC composite picture signal to produce a lumi- 
nance signal and for demodulating this NTSC compos- 
ite picture signal based on the luminance signal to 
produce color difference signals, a frame memory for 
storing the color difference signals every frame, a 
detecting unit for detecting movements of a picture from 
the color difference signal stored in this frame memory, 
and an interpolation processing unit for interpolating the 
color difference signals based upon the detection result 
of the movement detecting unit. In a still picture region 
where no movement is detected by the movement 
detecting unit, the color difference signals are continu- 
ously read from the frame memory at a double speed. In 
a moving picture region virtiere movemerrt is detected by 
the movement detecting unit, the color difference sig- 
nals are inner-interpolated based on the picture signal 
levels of the upper/lower horizontal scanning lines and 
then are read at a double speed. These inner-interpo- 



lated/read color difference signals are converted into 
non-lrrterlace signals of 525H/60Hz which will then be 
supplied to the color difference signal processing circuit 
2. Also, both of the non-interlace signals and the lumi- 
nance signal demodulated by the demodulating unit are 
suppFied to the LCD controller 6. 

The color difference processing circuit 2 ccMTtrols 
color hue of the color difference signals supplied from 
the NTSC demodulating/double speed converting cir- 
cuit 1 , and performs the inverse-matrix conversion to 
the resultant color difference signals to thereby produce 
the RGB signals. 

In the A/D converter 3. the picture signal levels of 
the RGB signals supplied from the color difference sig- 
nal processing circuit 2 are A/D-converted in 8-bit quan- 
tizing precision. 

In the FRC circuit 4. the rounding process is carried 
out to the least significant bit (LSB) of the RGB signals 
digitalized in the 8-bit quantizing precision, which are 
supplied from the A/D converter 3. thereby obtaining 
RGB signals quantized by 7 bits. 

As represerrted in Fig. 2. the liquid crystal drive 
apparatus 5 is arranged by a shift register drcuit 1 1 for 
sequentially shifting the RGB signals of 768 pixels for 1 
horizontal line, supplied from the FRC circuit, a latch cir- 
cuit 12 for latching the RGB signals for the respective 
pixels, furnished from the shift register circuit 1 1 . and an 
up/down counter 13 for counting up/down the clock sig- 
nal derived from the LCD controller 6. The liquid crystal 
drive apparatus 5 further includes a comparator circuit 
14 for outputting a HIGH signal from starting of the 
counting operation of the up/down counter 13 until the 
courrt value of the up/down counter 13 becomes higher 
than the level of the picture signal supplied from the 
latch circuit 12. an N type transistor 15 having a gate to 
which the comparator output from the comparator circuit 

14 is supplied and having a drain to which the ramp sig- 
nal is supplied from the ramp signal generating appara- 
tus 7, a capacitor 1 6 whose one erxJ is connected to the 
source of the N type transistor 15 and whose the other 
end is connected to the ground, and a diode 17 whose 
anode is connected to the drain of the N type transistor 

1 5 and whose cathode is connected to the source of this 
N type transistor 15. Also, the liquid crystal drive appa- 
ratus 5 contains another N type transistor 18 having a 
gate connected to the cathode of the diode 17. a drain 
to which the power is supplied from the power supply, 
and a source connected to an output terminal 20. and a 
P type transistor 1 9 having a drain connected to the out- 
put terminal 20. a source connected to the ground, eirid 
a gate connected to the cathode of the diode 1 7. From 
this output terminal 20, the drive signal is outputted. 

The capacitor 16 charge-holds the signal levels of 
the RGB picture signals supplied from the latch circuit 
12. 

In the liquid crystal drive apparatus 5, the signal lev- 
els of the respective RGB image signals having the 7-bit 
resolution and supplied from the FRC drcuit 4 are 
formed in 128 gradations. While the count number cor- 
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responding to the innge signal levels stored in the latch 
circuit 12 Is counted by the up/dcwn counter 13, the 
capacitor 16 is charged at the voltage value of this 
image signal level clipped by the ramp signal produced 
from the ramp signal producing apparatus 7, and the 
voltage value charged in this capacitor 16 is outputted 
as the drive signal from the output terminal 20. It should 
be noted that this liquid crystal drive apparatus 5 func- 
tions as a drive means. 

Next, operations of the liquid crystal drive appara- 
tus 5 when the drive signal is produced will now be 
explained vwth reference to Rg. 3. 

At time -T1 r the level of the image signal, for exam- 
ple, level 10 is previously stored in the latch circuit 12, 
and the output signal from the comparator 14 becomes 
HIGH signal at the same time when the counting opera- 
tion by the up^down counter 13 is commenced. The 
charging operation of the capacitor 16 at the voltage 
value of this image signal level clipped by the ramp sig- 
nal produced by tiie ramp signal produdng apparatus 7 
is commenced. The charged voltage is outputted as the 
drive signal from the output terminal 20. 

At time T2," when 10 pieces of the clock signals 
among 128 pieces of the clock signals are counted by 
the up/down counter 13. the output signal from the com- 
parator 14 becomes a LOW signal, so that tiie N type 
transistor 15 is turned OFF, and tiie charging operation 
of the capacitor 16 at the signal level of the in^ge signal 
clipped by the ramp signal is complete. Thus, this 
charged power is held by the capacitor 16. and then tiie 
charged voltage is outputted as the drive signal from the 
output terminal 20. 

At time T3," the charging period of 17^is Is ended, 
and the voltage value of the image signal level charged 
in the capacitor 16 and clipped by the ramp signal is 
held so that the transparent electrode of tiie PALC 10 is 
driven. 

At time "T4." the hold period of 9fxs is accom- 
plished, arKJ the 32 values counted by the up/down 
counter 13 are commenced to be counted down. 

At time TS," the discharge period is commenced in 
which the counted value of the up/down counter 13 is 
less than 10 and the capacitor 16 is discharged. 

At time "T6," tiie counted value of the up/down 
counter 13 becomes 0, so that the count down by the 
up/down counter 13 and the discharge operation by the 
capacitor 16 are conplete. 

At time "77." the operation of one horizontal line is 
ended after the rest period of 2fis. and then the opera- 
tion of the subsequent horizontal line is commenced. 

In the liquid crystal drive apparatus 5, as shown in 
Fig. 4. during the subsequerrt horizontal line, the lumi- 
nance value 128 of the full scale is previously stored in 
the latch circuit 12, and the capacito- 16 is charged 
while the counted value of the up/down counter 13 
becomes from 1 to 128, and then a similar operation to 
that of the preceding horizorrtal line is carried out. 

The liquid crystal drive apparatus 5 with the above- 
described drcuit arrangement may function as a 



charge/hold type D/A converter which charges and 
holds the 7-bit image signal with the 128-gradation 
image information supplied from the FRC circuit 4 at the 
signal level of the analog image signal clipped by the 
5 ramp signal produced from the ramp signal producing 
apparatus 7. 

This liquki crystal drive apparatus 5 supplies the 
voltage values of the analog RGB image signals to the 
transparent electrodes of the respective pixels of the 

10 PALC 10 on which the red, blue and green polarization 
fDters have been provided for the respective horizontal 
lines. These analog RGB image signals are produced 
by D/AKX>nverting the RGB image signals supplied from 
tiie FRC circuit 4. 

15 The LCD controller 6 produces the count clock sig- 
nal based on the luminance signals of the PALC 10 for 
the respective pixels, supplied from the NTSC demodu- 
lating/double speed converting circuit 1. and also pro- 
duces a double-speed H dock signal based upon the 

20 non-interlace signal. Then, this LCD controller 6 fur- 
nishes the count clock signal to the ramp signal produc- 
ing apparatus 7 and the double-speed H clock signal to 
the plasma driver 8. 

As indicated in Rg. 5, the ramp signal producing 

25 apparatus 7 indudes an up/down counter 21 for count- 
ing up the count dock signal supplied from the LCD 
controller 6 when the up/down signal is under HIGH 
state and for counting down this count clock signal when 
the up/down signal is under LOW state; red/green/blue 

30 ROM tables 22/25/28 for previously storing the cor- 
rected image signals which are obtained by correcting 
the respective RGB image signal levels of the respec- 
tive pixels in accordance with the count value of the 
up/down counter 21; and adders 41/42/43 for adding 

35 the respective RGB offset values of the respective pix- 
els with respect to the count values to the corrected 
image signals read from the red/green/blue ROM tatHes 
22/25/28. The ramp signal produdng apparatus 7 fur- 
ther indudes switches 23/26/29 for sending out the out- 

40 put signals of tiie adders 41/42/43 when the up/down 
signal is under HIGH state, and also for sending out the 
output signal from the up/down counter 21 when the 
up/down signal is under LOW state, and also D/A con- 
verters 24/27/44 for D/A-converting the output signals 

45 from the switches 23/26/29 into the analog output sig- 
nals which will then be supplied as the ramp signal to 
the liquid crystal drive apparatus 5. 

The atx>ve-explained up/down signal is formed in 
such a manner that during the charge period and the 

50 hold period in the each horizontal period, this up/down 
signal is under HIGH state, whereas during the dis- 
charge period and the charge period in the each hori- 
zontal period, this up/down signal is under LOW state. 
The up/down counter 21 counts up the count clock 

ss derived from the LCD controller 6 while the up/down sig- 
nal is under HIGH state, and holds the count value after 
the count up operation. When the up/down signal is 
under LOW state, the up/down counter 21 shifts the 
count value expressed by the binary notation by 2 bits to 
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the MSB side so as to multiply the count value four 
times. While the change amount of the amplitude per 1 
count clock is multiplied four times, the up/down counter 
21 counts down this held count value every time the 
count dock signal Is supplied thereto. This i^down 
counter 21 may function as the up/down counter and an 
arrplrtude amount converting means. 

In the red ROM table 22, tiie con-ected image sig- 
nals as to tiie respective applied voltages are stored, 
these corrected Image signals are produced as follows. 
As indicated in Fig. 6, a transmitlance characteristic of 
red light of the liquid crystal display unit of the PALC 10 
with respect to the applied voltage is multiplied by such 
a voltage indicative of tiie S-shaped characteristic with 
regard to this applied voltage (see Fig. 7), so that the 
transmtttance of tiie red light with respect to this applied 
voltage is set to such a linear characteristic as shown in 
Fig. 8 and thus, the image signal level becomes high 
resolution. This red ROM table 22 may function as an 
amplitude value memory of the amplitude amount con- 
verting means and the S-shaped correction memory. 

In the green and blue ROM tables 25 and 28, the 
corrected image signals as to tiie respective applied 
voltages are stored, tiiese corrected image signals are 
produced as follows. As indicated in Fig. 6. a transmit- 
tance characteristic of green and blue lights of the liquid 
crystal display unit of the PALC 10 with respect to the 
applied voltage is multiplied by such a voltage indicative 
of the S-shaped characteristic witii regard to this 
applied voltage (see Fig. 7), so that each of the trans- 
mitlance of the green and blue lights with respect to this 
applied voltage is set to such a linear characteristic as 
shown in Fig. 8 and tiius. the image signal level 
becomes high resolution. The green and blue ROM 
tables 25 and 28 may function as an amplitude value 
memory of the amplitude amount converting means and 
the S-shaped correction memory. 

To control the white balance and the luminance lev- 
els of tiie RGB signals, offset values preselected to the 
adders 41 , 42 and 43 are supplied to tiie adders 41 , 42. 
43, respectively. These adders 41. 42, 43 may function 
as the amplitude amourrt converting means. 

The D/A converters 24. 27. 44 may function as tiie 
ramp signal producing means. 

In tiie ramp signal producing apparatus 7 with the 
above-described drcuit arrangement, when the fre- 
quency of the clock count signal is selected to be, for 
example. 7.5 MHz. the counting time for 128 pieces of 
the clock count signals is 17^s during the count up 
operation, whereas tiie counting time for 32 pieces of 
the clock count signals is 4ns during the count down 
operation. Accordingly, the discharging period of tiie liq- 
uid crystal drive apparatus 5 is less than 1/4 of the 
charging period thereof. This ramp signal producing 
apparatus 7 may function as the ramp signal produdng 
means. 

As described above, in accordance with the ranp 
signal producing apparatus 7. the frequency of the clock 
signal supplied to the up/down counter during the count 



down operation may be set to such a low frequency 
equal to the frequency of the dock signal during tiie 
count up operation. As a consequence, this ramp signal 
produdng apparatus 7 can be manufactured in low cost 

5 by employing the usual semiconductor manufacturing 
process whose manufacturing steps are small. Also, no 
spurious radiation is emitted from the ramp signal pro- 
ducing apparatus 7 to make up the high quality image of 
the liquid crystal display apparatis. Further, since the 

w structure for cutting the spurious radiation is no longer 
required, the overall anangement can be made cheap 
and simple. 

In the ramp signal producing apparatus 7, the 
image signal level is corrected by the S-shaped correct- 

15 ing manner based upon the corrected image signals 
stored in the red/green/blue ROM tables 22/25/28. so 
tiiat the transmittance characteristic of the PALC 10 is 
made linear and tiius the resolution of the image signal 
level can be improved. /Mso, while the cut-off values of 

20 the image signal levels for tiie tiiree color (red. green, 
blue) channels are controlled by the adders 41 . 42, 43. 
tiie tracking controls are carried out for the switches 23, 
26, 29. As a result, tiie white balance and the luminance 
control of the image signals can be simply performed. 

25 In synchronism with the liquid crystal drive appara- 
tus 5. tiie plasma driver 8 drives the PALC 10 in such a 
manner tiiat tiie cathode electrode and also anode elec- 
trode of each plasma chamber in this PALC 10 are 
sequentially switched and scanned along the horizontal 

30 direction, so tiiat the plasma chambers are sequentially 
plasma-discharged, while this liquid crystal drive appa- 
ratus 5 drives the transparent electrode of the PALC 10 
for each of the horizontal lines. 

The above-explained PALC 10 corresponds to such 

35 a type of liquid crystal display that each of pixels is 
driven by utilizing discharge plasma, and also to the 
plasma addressed liqukl crystal display apparatus as 
disdosed in, for instance. Japanese Laid-open Patent 
Application No. 1-217396 (opened in 1989) and Japa- 

40 nese Laid-open Patent Application No. 4-265931 
(opened in 1992). in which the liquid crystal displays 
with large screen sizes are manufactured at low cost by 
high yield to thereby achieve high resolution and also 
high contrast 

45 As illustrated in Fig. 9, tiiis PALC 10 is constructed 
in such a way tiiat a plasma charrtjer 31 fabricated on a 
glass substrate 30 and a liquid crystal layer 36 made of 
tiie opto-electric material are located opposite to each 
other via a thin dielectric sheet 35 made of glass and 

50 tiie like. This plasma chamber 31 is constructed by 
forming a plurality of parallel grooves in an upper sur- 
face of the glass substrate 30. For example, 450 
grooves are fabricated into which ionizable gas sudi as 
helium, neon, argon or a gas mixture thereof is filled. A 

55 pair of anode electrode 32 and cathode electrode 33 are 
provided in the grooves, and these anode/cathode elec- 
trodes 32/33 are located in parallel thereto so as to ion- 
ize the gas filled in the plasn^ chamber 31 to thereby 
produce the discharge plasma. On the other hand, the 
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liquid crystal layer 36 Is sandwiched by the dielectric 
sheet 35 arranged on the upper surface of the glass 
substrate 30 and a color filter 37 on which three (red, 
green, blue) polarization filters. Then, for instance. 765 
transparent electrodes 38 are arranged on this color f il- 5 
ter 37 every 1 horizontal line on the parallel lines located 
perperKlicular to the plasma chamber 31 constituted by 
the grooves. The intersected portions between these 
transparent electrode 38 and plasma chamber 31 may 
function as pixels of 450 x 768. The back light is so w 
arranged that the overall display screen of the PALC 10 
is illuminated by the light v^ile this back light faces the 
transparent electrode 38 via the color filter 37 from the 
glass substrate 3D. 

In the alDOve-explained PALC 10. while the liquid is 
crystal drive apparatus 5 drives the transparent elec- 
trodes 38 of the respective pixels for the respective hor- 
izontal lines based on, e.g., 60 V of the image signal 
levels for the respective pixels in full scale, the respec- 
tive plasma chancers 31 of this PALC 10 are sequen- 20 
tially driven by the plasnna driver 8 in synchronism with 
the drive operation of the liquid crystal drive apparatus 
5 in such a manner that while the anode electrode 32 is 
set at the ground potential and the cathode electrode is 
set at -300 V. the horizontal lines are sequentially 25 
switched and scanned. As a result, the plasma cham- 
bers 31 are successively plasma<lischarged, and the 
image signal levels are sequentially held by the respec- 
tive pixels arranged on the horizontal lines. Similarly, the 
image signal levels are sequentially held by the respec- 30 
tive pixels for the respective horizontal lines, and the 
image signal is updated every 1 frame to display the 
image. 

Next, a description will now be made of another liq- 
uid crystal display apparatus according to a second 35 
embodiment of the present invention with reference to 
drawings. It should be understood that the same refer- 
ence numerals shown in the first embocfiment will be 
employed as those for denoting the same or similar con- 
structive merrt>ers, and tiierefore, explanations thereof 40 
are omitted. 

The above-described liquid crystal display appara- 
tus 80 is conrprised of. as indicated in Fig. 10. an NTSC 
demodulating/double speed converting circuit 1 to 
which an image (video) signal is supplied, a color differ- 45 
ence signal processing circuit 2 for converting the video 
signal supplied from the NTSC demodulating/dout>le 
speed converting circuit 1 into RGB signals, an A/D con- 
verter 3 for A/D-converting the RGB signals supplied 
from the color difference signal processing circuit 2 into so 
the corresponding RGB digital signals, an PRC circuit 4 
for converting the frame rate of the RGB digital signals 
derived from the A/D converter 3, and a liquid crystal 
display drive apparatus 5 for driving the respective pix- 
els of tiie PALC 10 for each of the horizontal lines in ss 
response to the RGB signals supplied from the PRC cir- 
cuit 4. This liquid crystal display apparatus is further 
arranged by an LCD controller 6 for producing a clock 
signal in synchronism with the video signal supplied 



from the NTSC denxxJulating/double speed converting 
drcuit 1 , a ramp signal producing apparatus 70 for pro- 
ducing a ramp signal in response to the dock signal, a 
plasma driver 8 for driving the respective pixels of the 
PALC 10 every horizontal line in response to this clock 
signal, a back light picture control circuit 9 for conti-olling 
or adjusting illuminance of badk light of the PALC 10. 
and also the PALC (plasma addressed liquid crystal dis- 
play) 10 driven by the above-expdatned liquid aystal 
drive apparatus 5 and plasma driver 8, and for display- 
ing an image thereon while controlling illuminance of the 
back light by the picture control circuit 9. 

As indicated in Fig. 11. the ramp signal producing 
apparatus 70 includes an up/down counter 51 for count- 
ing up the count clock signal supplied from the LCD 
controller 6 when the up/down signal is under HIGH 
state and for counting down this count clock signal when 
the up/down signal is under LOW state; red/green/blue 
ROM tables 52/53/54 for previously storing the cor- 
rected image signals which are obtained by correcting 
the respective RGB image signal levels of the respec- 
tive pixels in accordance with the count value of the 
up/down counter 51; adders 55/56/57 for adding the 
respective RGB offset values of the respective pixels 
with respect to the count values to the corrected image 
signals read from the red/green/blue ROM tables 
52/53/54; and also D/A converters 58/59/60 for D/A- 
converting the output signals from the adders 55/56/57 
into the analog output signals which will then be sup- 
plied as the ramp signal to the liquid crystal drive appa- 
ratus 5. 

The above-explained up/down signal is formed in 
such a manner that during the charge period arKi the 
hold period in the each horizontal period, this up/down 
signal is under HIGH state, whereas during the dis- 
charge period and the charge period in the each hori- 
zontal period, this up/down signal is under LOW state. 

The up/down counter 51 counts up the count clock 
derived from the LCD controller 6 while the up/down sig- 
nal is under HIGH state, and holds the count value after 
the count up operation. When the up/down signal is 
under LOW state, this up/down counter 51 counts down 
this count dock. This up/down counter 51 may functions 
as an up/down counter. 

In the red ROM table 52. the corrected image sig- 
nals as to the respective applied voltages are stored, 
these corrected image signals are produced as follows. 
As indicated in Fig. 6, a transmittance characteristic of 
red light of the liquid crystal display unit of the PALC 10 
with respect to the applied voltage is multiplied by such 
a voltage irxiicative of the S-shaped characteristic with 
regard to this applied voltage (see Fig. 7). so that the 
transmittance of the red light with respect to this applied 
voltage is set to such a linear characteristic as shown in 
Fig. 8 and thus, the image signal level becomes high 
resolution. When the count down operation is per- 
formed, this corrected image signal is set in such a 
manner that a change amount of an amplitude with 
respect to a change in the count value of the up/down 
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counter 51 becomes four times higher than that when 
the count up operation is carried out This red ROM 
tat)le 52 may function as an amplitude value memory of 
the ampfitude amount converting means and the S- 
shaped correction memory. 

In the green and blue ROM tables 53 and 54, tiie 
con-ected image signals as to the respective applied 
voltages are stored, tiiese corrected image signals are 
produced as follows. As indicated in Fig. 6. a transmit- 
tance characteristic of green and blue lights of the liquid 
crystal display unit of the PALC 10 witii respect to the 
applied voltage is multiplied by such a voltage indicative 
of the S-shaped characteristic with regard to this 
applied voltage (see Rg. 7), so that the transmittance of 
the green and blue lights with respect to this applied 
voltage is set to such a linear characteristic as shown in 
Fig. 8 and thus, the image signal level becomes high 
resolution. When the count down operation is per- 
formed, tills corrected image signal is set in such a 
manner that a change amount of an amplitude with 
respect to a change in the count value of the up/down 
counter 51 becomes four times higher than that when 
the count up operation is carried out. These green and 
blue ROM tables 53 and 54 may function as an ampli- 
tude value memory of the amplitude amount converting 
means and the S-shaped correction memory. 

In the ramp signal producing apparatus 70 with the 
above-described circuit arrangement, when the fre- 
quency of the clock count signal is selected to be, for 
example, 7.5 MHz, the counting time for 128 pieces of 
the clock count signals is 17^is during the count up 
operation, whereas tiie counting time for 32 pieces of 
the clock courrt signals is 4^is during the count down 
operation. Accordingly, the discharging period of the liq- 
uid crystal drive apparatus 5 is less than 1/4 of the 
charging period thereof. 

The D/A converters 58, 59, 60 may function as the 
ramp signal producing means. 

As desCTibed above, in accordance with the ramp 
signal producing apparatus 70, the frequency of the 
clock signal supplied to tiie up/down counter during the 
count down operation may be set to such a low fre- 
quency equal to the frequency of the clock signal during 
the count up operation. As a consequence, this ramp 
signal producing apparatis 70 can be manufactured in 
low cost by employing the usual semiconductor manu- 
facturing process whose manufacturing steps are small. 
Also, no spurious radiation is emitted from the ramp sig- 
nal producing apparatus 70 to make up tiie high quality 
image of the liquid crystal display apparatus. Further, 
since the structijre for cutting the spurious radiation is 
no longer required, the overall arrangement can be 
made cheap and simple. 

In the ramp signal producing apparatus 70, the 
image signal level is corrected by the S-shaped correct- 
ing manner based upon the corrected image signals 
stored in the red/green/Wue ROM tables 52/53/54, so 
that tiie transmittance characteristic of the PALC 10 is 
made linear and thi^ the resolution of the image signal 



level can be improved. Also, while the cut-off values of 
tiie image signal levels for tiie three color (red, green, 
blue) channels are conti^olled by the adders 55. 56, 57, 
the tracking controls are carried out for the D/A convert- 
5 ers 58, 59, 60. As a result, the white t>alance and tiie 
luminance control of the image signals can be simply 
performed. 

It should also be noted that altiiough the plasma 
addressed liquid crystal display apparatuses have been 

10 employed as tiie liquid crystal display in the above- 
described embodiments, the present invention is not 
limited to such a liquid crystal display, but may be 
applied to, for instance, an active matrix type liquid crys- 
tal display in which active elements such as f ansistors 

15 are provided with transparent electrodes of pixels 
arranged in a matrix form, and these active elements 
are driven. 

As previously described in detail, in accordance 
with the ramp signal producing method of the present 

20 invention, when the count down operation is carried out 
in the amplitude amount converting step, the switching 
operation is performed in such a manner that the 
amount of amplitude changes is increased with respect 
to the count value, and in the ramp signal producing 

25 step, the ranrp signal whose amplitude is varied in 
response to this count value. In this manner, while the 
frequency of the clock signal is selected to be tiie low 
frequency during the count down operation, it is possi- 
ble to provide tiie ramp signal producing metiiod capa- 

30 ble of suppressing the spurious radiation. 

/Mso, in accordance with the ramp signal producing 
apparatus of the present invention, while the count 
down operation is performed by the up/down counter, 
the amplitude amount converting means selects that the 

35 amount of amplitude changes with respect to the count 
value of this up/down counter are increased, so that 
such a ramp signal whose amplitude is varied in 
response to this count value is produced by the ramp 
signal producing means. As described above, when the 

40 count down operation is carried out, the clock signal 
supplied to the up/down counter need not be modulated 
by the high frequency. As a consequence, it is possible 
to provide such a ramp signal producing apparatus 
manufactured in low cost by the usual semiconductor 

45 manufacturing process with less manufacturing steps. 
/Mso. since the liquid crystal display apparatus can dis- 
play the image with high quality without emitting spuri- 
ous radiation and further the structure for cutting this 
spurious radiation is no longer required, it is possible to 

50 provide such a simple ramp signal producing apparatus 
in low cost 

According to the liquid crystal drive apparatus of 
the present invention, the amplitude of the ramp signal 
is corrected by the S-shaped correction as the linear 
55 shape by the amplitude amount converting means, so 
that the resolution of the irr^ge signal level is increased, 
and both of the white balance and the lunninance of the 
image signal levels can be controlled based upon the 



9 



EP 0730257A2 I > 



17 



EP0730 257A2 



18 



Offset value. As a consequence, it is possible to provide 
such a liquid crystal display apparatus in low cost. 

AJso, in accordance with the liquid crystal display 
apparatus of the present invention, while the count 
down operation is performed by the up/down counter, s 
the amplitude amount converting means selects that the 
amount of amplitude changes with respect to the count 
value of this up/down counter are increased, so that 
such a ramp signal whose anplitude is varied in 
response to this courrt value is produced by the ramp 10 
signal producing means. The amplitude of the ramp sig- 
nal is corrected by the S-shaped correction as the linear 
shape by the amplitude amount converting means, so 
that the resolution of the image signal level is increased, 
arKi both of the white balance and the luminance of the is 
image signal levels can be controlled based upon the 
offset value. As a consequence, it is possible to provide 
such a liquid crystal display apparatus with the simple 
circuit an^angement. capable of realizing the high inrtage 
quality In low cost. 20 

Claims 



up, or counting down a clock signal supplied 
thereto; 

amplitude amount converting means for con- 
verting the amplitude of said supplied clock signal 
into such an amplitude value corresponding to the 
count value of said up/down courrter and for con- 
verting said amplitude value in such a manner that 
a change amount per one count value is increased 
during the count down operation by said up/down 
counter; and 

ramp signal producing means for producing 
such a ramp signal with an amplitude correspond- 
ing to said converted anrplrtude value. 

A ramp signal producing apparatus as claimed in 
claim 4 wherein: 

said amplitude amount converting means 
includes bit shift means for shifting the count value 
in a bit shift mode during the count down operation 
by said up/down counter so as to increase the 
count \^ue. whereby the change amourrt of the 
amplitude value is increased. 



1 . A method for producing a ramp signal comprising: 
a count step for counting up or down a sup- 
plied dock signal; 

an amplitude amount converting step for 
converting the amplitude of said supplied clock sig- 
nal into an amplitude value In accordance with the 
count value of said count step arxJ for converting 
said amplitude value in such a manner that a 
change amount per one count value is increased 
during the count down step; and 

a ranp signal producing step for producing a 
ramp signal whose anrrplitude is varied in response 
to said amplitude value. 

2- A ramp signal producing method as claimed in 
claim 1 wherein: 

in said amplitude amourrt converting step, 
the count value is shifted in a bit mode during the 
count down step so as to increase the count value, 
whereby the change amount of the amplitude value 
is increased. 

3. A ramp signal producing method as claimed in 
either one of claims 1 or 2 wherein: 

in said amplitude arrrount converting step, 
the amplitude values for the respective count values 
are read out from an amplitude value memory into 
which the amplitude values for the respective count 
values have been stored during the count up step 
and the count down step in such a manner that the 
amplitude value with respect to the count value is 
increased during the count down operation in said 
count step. 

4. A ramp signal producing apparatus comprising: 

up/down counter means for either counting 



6. A ramp signal producing apparatus as claimed in 

25 either one of claims 4 or 5 wherein: 

said amplitude amount converting means 
includes an amplitude value memory into which the 
amplitude values for the respective count values 
have been stored during the count up operation by 

30 tine up/down counter and the count down operation 
thereby, and reads out the amplitude values from 
said amplitude value memory with respect to the 
respective count values. 

35 7. A liquid crystal drive apparatus comprising: 

up/down counter means for either counting 
up. or counting down a clock signal supplied 
tiiereto; 

amplitude amount converting means for con- 
40 verting the amplitude of said supplied clock signal 
into such an anplitude value corresponding to the 
count value of said up/down counter and for con- 
verting said amplitude value in such a manner that 
a change amount per one count value is inaeased 
45 during the count down operation by said up/down 
counter; 

ramp signal producing means for producing 
a ramp signal with an amplitude corresponding to 
said converted amplitude value; and 
50 drive means for driving a liquid crystal dis- 

play in an image signal level produced by clipping 
said supplied image signal based on said ramp sig- 
nal. 

55 8. A liquid crystal drive apparatus as claimed in daim 
7 wherein: 

said amplitude amount converting means 
indudes bit shift means for shifting the count value 
in a bit shift mode during the count down operation 



10 



JNSDOCID: <EP 0730257A2 I > 




19 EP0730257A2 20 

by said up/down counter so as to increase the the liquid crystal display is a plasma 

count value, whereby the change amount of the addressed liquid crystal display, 

anplitude value Is increased. 



9. A liquid crystal drive apparatus as daimed in either s 
one of claims 7 or 8 wherein: 

said amplitude amount converting means 
includes an amplitude value memory into which the 
amplitude values for the respective count values 
have been stored during the count up operation by io 
the up/down counts arKf the count down operation 
thereby, and reads out the amplitude values from 
said amplitude value memory with respect to the 
respective count values. 

IS 

10. A liquid crystal drive apparatus as claimed in any 
one of claims 7 to 9 wherein: 

said amplitude amount converting means 
includes an S-shaped con-ection memory for previ- 
ously storing therein a conrection value used to cor- 20 
rect the amplitude of the ramp signal in order that 
an S-shaped correction of the liquid crystal display 
is carried out during the count up operation by said 
up/down counter, and the amplitude value of said 
ramp signal Is corrected based upon the correction 25 
value stored in said S-shaped correction memory. 

11. A liquid crystal drive apparatus as claimed in any 
one of claims 7 to 10 wherein: 

said amplitude amount converting means 30 
includes an adder for adding an offset value to the 
amplitude value of said ramp signal, by which a 
white trance is carried out, and said offset value is 
added to said amplitude value in said adder so as to 
con-ect the white balance of the rannp signal. 35 

12. A liquid crystal drive apparatus as claimed in any 
one of claims 7 to 1 1 wherein: 

said amplitude amount converting means 
includes an adder for adding an offset value to the 4o 
amplitude value of said ranrp signal, by which a 
luminance (brightness) correction is carried out. 
and said offset value is added to said amplitude 
value in said adder so as to correct the luminance 
(brightness) of the ramp signal. 45 



13. A liquid crystal drive apparatus as claimed in any 
one of claims 7 to 12 wherein: 

said drive means is arranged by a charge 
hold type D/A converter. so 



14. A liquid crystal display apparatus comprising a liq- 
uid crystal drive apparatus as claimed in any one of 
7 to 13. and a liquid crystal display arranged to be 
driven by said drive means to display an image ss 
thereon. 



15. A liquid crystal display apparatus as claimed in 
claim 14 wherein: 
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